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The present invention relates generally to the poly 
merization of ethylene. More particularly, the invention 
relates to the formation of ethylene-az-butene copolymers 
and to novel catalyst compositions for producing these co 
polymers using only ethylene as the raw material. 

Copolymers of ethylene and a-butene have been formed 
by several methods in the past. Generally, however, 
prior proposed methods involve a two-stage operation in 
which ox-butene is first prepared separately according to 
any suitable process, is purified, and then introduced 
through a metering device into a reactor in which ethylene 
is undergoing polymerization in the presence of a catalyst 
which normally produces high molecular weight poly 
ethylene. The presence of the oz-butene, however, causes 
the formation of an ethylene-or-butene copolymer in much 
the same way as any vinyl type monomer reacts with 
ethylene to form a copolymer. An example of this two 
stage type of process is set forth in British Patent No. 
578,584 in which the copolymerization of ethylene and 
butylene is carried out in an aqueous medium, under 
pressure, and using a peroxide catalyst. 
The prior art two-stage processes have the disadvan 

tage of requiring mechanical regulators to control the 
input of ox-butene into the polymerization reactor in order 
to control, in turn, the o-butene content of the copolymer. 
Further, the separate preparation and purification of 
the oz-butene is expensive and time consuming and in 
volves difficult handling problems. 

It is therefore the general object of the present inven 
tion to provide a process for forming copolymers of 
ethylene and az-butene which avoid the disadvantages 
of the prior known methods. 

It is a particular object to provide a process in which 
oz-butene may be produced and simultaneously reacted 
with ethylene to form an ethylene-az-butene copolymer 
and in the same reactor. 

It is another object to provide a catalyst composition 
capable of producing the desired copolymer from a 
single raw material. 

It is still another object to provide a means for con 
trolling the composition of the copolymer without re 
sorting to mechanical regulating devices. 
These and other objects, which will become apparent 

from the disclosure and claims appearing hereinafter, are 
accomplished by contacting ethylene monomer in a suit 
able inert solvent therefor with a catalytic amount of 
a composition comprising an aluminum trialkyl, a ti 
tanium ester, and an inorganic titanium halide compound. 
The use of titanium trichloride and titanium tetra 

chloride in combination with an aluminum trialkyl is 
well known as a catalyst composition for the polymeriza 
tion of ethylene at low pressures. It is generally believed 
that the aluminum trialkyl is the "true catalyst" constit 
uent which has the ability to form compounds such as 
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with ethylenically unsaturated monomers. The period 
of time during which the polymer chains are allowed 
to grow and thus increase in molecular weight is di 
rected primarily by the titanium chloride compound 
which has been called an "activator' and which causes 
the polymer chains to split off from the aluminum and 
permit the growth process to again occur on the alumi 
num. Titanium trichloride, and titanium tetrachloride 
have been found to be generally excellent as activators 
which permit the rapid production of relatively long poly 
meric chains. 

Other activators, however, have quite different direct 
ing properties which influence such characteristics of the 
resulting polymers as the linearity, wax content, degree 
of unsaturation and the like. 

Titanium esters as, for instance, Ti(OCHg)4 when 
employed as the only activators in combination with an 
aluminum trialkyl in the presence of ethylene do not 
produce long chain polymers, but instead result in the 
formation of the dimer, i.e., oz-butene, as the almost sole 
reaction product. We have discovered that this reaction 
is not substantially altered by the presence of titanium 
trichloride or titanium tetrachloride, but rather is ca 
pable of producing az-butene in the same reaction system 
in which ethylene and the a-butene produced are being 
formed into long chain polymers. In addition the quan 
tity of a-butene made available and the rate at which 
it is produced has been found to be directly proportional 
to the concentration of the titanium ester present in the 
initial catalyst charged into the polymerization reactor. 
By utilizing two distinct catalytic effects of two different 

catalyst systems we have discovered it is possible to ac 
complish in a one-stage operation what heretofore re 
quired two stages to attain. 

According to the present invention, copolymers of 
ethylene and ox-butene may be produced solely from 
ethylene by contacting ethylene in a suitable inert solvent 
medium with the catalyst composition comprising a ti 
tanium ester, a titanium halide, and an aluminum tri 
alkyl. Without desiring to be bound by any particular 
theory it is our belief that the titanium ester in combina 
tion with the aluminum alkyl causes the formation of 
a-butene in situ where it is immediately available to co 
polymerize with ethylene polymer chains being formed at 
the same time by the action of the titanium halide com 
pound in conjunction with other aluminum trialkyl mole 
cules. 
As a general rule the reactions should be carried out 

under anhydrous conditions in the absence of oxygen, and 
in a suitable inert solvent medium. The solvent medium 
may consist of one, or a mixture of two or more, of those 
inert organic solvents conventionally used as media for 
ethylene polymerization. Inert aromatic and saturated 
aliphatic and alicyclic hydrocarbon liquids have been 
found to be most suitable, such as benzene, toluene, 
Xylene, cyclohexane, methylcyclohexane, ethylcyclo 
hexane, n-pentane, n-hexane, heptane, isooctane, and the 
like. 
The components of the catalyst mixture may vary con 

siderably due primarily to the large number of titanium 
esters which are known and which in the presence of a 
trialkyl aluminum direct the polymerization of ethylene 
to the almost exclusive production of ox-butylene. Broadly 
stated any titanium organic ester will serve as the agent for 
forming the ce-butene required in the present invention. 
Certain titanium esters are preferred, however. The 
preferred members include the lower alkyl esters of ti 
tanium having up to eight carbon atoms as for instance 
Inethyl, ethyl, n-propyl, isopropyl, butyl, isobutyl, tert 
butyl, and any titanates, and the alicyclic and lower 
alkyl substituted alicyclic esters of titanium such as cyclo 
hexyl and methyl cyclohexyl titanates. Particularly pre 
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ferred are the lower alkyl esters having from about 2 to 
about 6 carbon atoms. 
The titanium esters can be prepared by several proce 

dures well known in the art. Specifically the method de 
veloped by Cullinane et al. and reported in "Journal Soc. 
Chem. Ind.," Supp. vol. 69,538 (1950), has been found to 
be quite practical. The technique, illustrated by the prep 
aration of n-butyl titanate, is described in Example 
herein. 
The titanium halide component of the catalyst composi 

tion includes titanium trichloride, titanium tetrachloride, 
titanium tribromide and titanium tetrabromide. Of these 
the trichloride and the tribromide are greatly preferred 
over the tetrabromide and the tetrachloride. The prefer 
ence is due principally to the fact that the tetrachloride 
and tetrabromide allow much poorer control over the 
reaction, apparently because of exchange reactions with 
the titanium ester which occur during and after reduction 
with aluminum trialkyl. 
The aluminum trialkyls of the present invention are 

represented as having the general formula: 

R. 
Al-Rs 
N 
R 

where R, R and Rs are the same or different alkyl 
groups. The specific alkyl groups employed are by no 
means critical since in the presence of ethylene monomer 
in the reaction mixture, the original alkyl substitutents on 
the aluminum atom are split off as a part of the first poly 
mer chain produced and are thereafter replaced by ethyl 
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groups thereby forming triethyl aluminum. Practical 
ly, R, R and Rs are straight or branched chain alkyl 
groups having 2 to 8 carbon atoms and are preferred be 
cause of the disproportionate cost involved in using higher 
homologs, although those groups having a larger number 
of carbon atoms may be employed successfully. 

In the utilization of the individual catalyst components, 
i.e., the trialkyl aluminum, titanium halide and titanium 
ester, as a composition for producing ethylene-o-butene 
copolymers the concentration of the constituents of this 
catalyst mixture in the solvent is not narrowly critical. 
Generally, concentrations of about 1 to about 10 milli 
moles titanium halide, about 5 to about 60 millinoles 
aluminum trialkyl and about 1 to about 15 millinoles 
titanium ester per liter of reaction solvent medium have 
been found to be very effective. 

Since the production rate of oz-butene relative to the 
production of polymer chains composed of ethylene units 
and whatever or-butene units are available is dependent 
upon the relative concentration of titanium halide and ti 
tanium ester, the concentration ratio of these two catalyst 
constituents is much more important than the ratio of 
either to aluminum trialkyl. Basically, the aluminum tri 
alkyl performs the function of forming polymer chains of 
whatever ethylenically unsaturated monomers are avail 
able. During their formation these chains are attached 
to the aluminum atom. The titantium ester and the tita 
nium halide function as agents which "splitoff' the grow 
ing chains from the aluminum atom. The titanium ester 
splits off chains comprising two ethylene units which re 
sult in ot-butene formation. The amount of ot-butene 
available for copolymer formation with ethylene under the 
influence of the titanium halide-aluminum trialkyl com 
bination is therefore directly proportional to the ratio of 
the concentrations of the titanium ester and the titanium 
halide in the reaction mixture. The aluminum trialkyl is 
preferably present in excess. Thus for a solution contain 
ing 5 to 10 millimoles titanium halide and 50 millimoles 
aluminum alkyl per liter of reaction solvent medium, 
copolytners containing one percent to about 35 percent 
butene can be obtained by varying the concentration of 
titanium ester from 2.5 to 12.5 millimoles per liter of 
reaction solvent medium. a. 
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4. 
The following table shows the relationship between the 

ot-butene content of the copolymer and varying catalyst 
component ratios. - 

TABLE . 

Conce. Conc. Conc. Percent 
Exp. TiCl, Ti(OR), Bus Al, Time, Yield, Butene 
No. M. M. M. Mla, Grams i. 

Moles. Moles L. Moles L. Copolye 
T 

O 2.5 SO 180 190 1.2 
O- 7.5 50 180 176 
O 12.5 50 80 33 17.9 

7.5 2.5 50 80 17 22.8 
5 2.5 50 180 6. 3.2 

Thus, it is seen from the table above that the percent 
of ot-butene in the final copolymer product can be con 
trolled either by maintaining a fixed ratio of the concen 
tration of aluminum trialkyl to the titanium halide while 
varying the titanium ester concentration, or by varying 
the titanium halide concentration while maintaining a 
fixed concentration ratio of trialkyl aluminum to titanium 
ester. 
The conditions under which the copolymerization re 

action is carried out are not narrowly critical. As a rule 
high pressure conditions tend to promote the formation. 
of ethylene homopolymer at the expense of the desired 
copolymer. For this reason it is preferred to carry out the 
copolymerization at normali atmospheric pressure. Pres 
sures up to about 10 p.s. i. above atmospheric pressure 
are not harmful, however, and in fact serve to increase 
somewhat the concentration of monomeric ethylene in 
the solvent reaction medium. 
The optimurn temperature for the reaction has been 

found to be in the range of from about 60 C. to 65 C. 
This range represents a balance between lower tempera 
tures which result in slow rates of polymerization, and 
higher temperatures which result in decreased solubility 
of the ot-butene in the reaction diluent. A range of tem 
peratures from about 25 C. to about 100 C. is, however, 
suitable. 
The reactor may be any suitable vessel equipped with 

means for maintaining a chosen temperature, means for 
excluding atmospheric contaminants, means for stirring or 
otherwise agitating the reaction mixture, and means for 
feeding in the ethylene, catalyst material and solvent 
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medium. 
The general embodiment of the process comprises the 

steps of charging the reaction diluent (solvent medium) 
and the premixed catalyst composition, usually dissolved 
or dispersed in a smal; portion of the same solvent as that 
used as the reaction diluent, into the reactor, and feeding 
in the ethylene in the gaseous state with continuous 
stirring of the reaction mixture. Preferably the ethylene 
is added at approximate take-up rate and the reaction con 
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tinued until the contents of the reactor become too viscous 
for practical stirring. The reaction mass is poured into 
a catalyst quenching alcohol and the copolymer removed 
by filtration and washed. It is to be understood that the 
process may be carried out on a continuous basis, a single 
charge batch basis or with any other arrangement of the 
steps comprising the present invention without departing 
from the intended scope. 

In many respects the copolymers resulting from the 
process hereinbefore described resemble the hydrogenated 
polybutadiene materials which come within the general 
term Hydropols (cf. Ind. Eng. Chem. 45, 117-1122. 
(1953)). In general terms, polybutadiene having the 
stice 
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5 are catalytically hydrogenated to form the corresponding 

saturated Hydropol viz. 
H H 

--C C C 

N/ N/ N 
H E. 

E. 

/c. /c 
C C 

He 
C-C 
H. H. 

The copolymers produced according to the present inven 
tion have the general formula 

FI H H H2 H 

e, c, e, e, etc-CH 
-C C - C C C C 
H H H H2 H H 

The properties of the copolymers vary somewhat with 
the butene content, i.e., those having less than 15 percent 
ot-butene content tend to resemble polyethylene, those 
with an o-butene content of about 15 to about 25 percent 
resemble Hydropol, and those having an ox-butene content 
of about 30 percent tend to be rubbery and elastic. The 
most useful copolymers are found to range in oz-butene 
content from about 2 to about 25 percent. Copolymers 
in this latter category have densities ranging from about 
0.946 to about 0.898, respectively, and molecular weights 
characterized by melt indices (10P-(ASTM procedure 
D-1238-52T modified by increasing the pressure exerting 
weight ten fold)) of from about 0.1 to about 0.3. 
The copolymers possess especially good electrical and 

low temperature properties and are therefore particularly 
useful as insulation sheaths for electrical conductors. 
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was maintained at about 60° C. to 65° C. The reactiori 
mixture was then quenched with alcohol, and the solid 
copolymer was removed by filtration and dried. The 
yield was 133 grams. Analysis showed the cc-butene 
content to be 17.9 percent, the density at 25 C. to be 
about 908 and the melt index (10P) to be 0.144. 

Example III 
Two liters of dry cyclohexane, 10 millimoles of TiCls, 

12.5 millimoles of methyl cyclohexyl titanate and 50 
millimoles of triisobutyl aluminum were charged to a 
3-liter reactor vessel equipped with a stirrer, reflux con 
denser, and an ethylene inlet. Ethylene was then passed 
into the solution in the reactor at atmospheric pressure 
at a rate slightly in excess of uptake for a period of three 
hours. The reactor temperature was maintained at 60 
to 65° C. The reaction mixture was then quenched with 
alcohol, and the solid polymer was removed by filtration 
and diced. The yield was 145 grams. Thebutene content 
of the copolymer was 15.7 percent. 

Example IV 

Four copolymerization reactions were performed ac 
cording to the method of Example II with the exception 
that the amounts of titanium ester and titanium halide 
were varied in each reaction. The catalyst proportions 
used and the properties of the copolymers produced are 
as shown below. 

Reaction 
No. 

-- 
2 

Conc. 9qnc. Conc. 0P Density 
Tigla, Ti(OR)4, BuAl, Time, Yield, Percent Melt at M. M. M. Min. Grams Butene Index 25°C. 

Moles/L. Moles/L. Moles/L. 

2.5 50 80 190 1.2 0.05 0.946 
0 7.5 50 180 76 7.9 0.300 0.951 

7.5 2.5 50 80 17 22.8 0.02 0,898 
5 2.5 50 180 81 81.2 ---------------- 3 

4.-- 

The following examples will more particularly illustrate 
the novel process of this invention, and describe methods 
of producing those constituents of the reaction mixture 
which may not be readily available commercially. It is 
to be understood that the examples are for the purpose 
of illustration only and are not intended to define or limit 
the scope of the invention. 

Example I 
n-Butyl titanate, typical of the titanium esters compris 

ing one component of the catalyst compositions suitable 
for carrying out the hereinbefore described process was 
prepared in the following manner. One mole titanium 
chloride was slowly added, in the absence of moisture 
and with mechanical stirring, to seven moles of n-butyl 
alcohol over a period of about 30 minutes. The tempera 
ture was not allowed to rise above 30 C. The liquid 
was then cooled to 5 C. and allowed to stand for about 

hour at this temperature. Dry ammonia was then 
bubbled into the liquid while the temperature was main 
tained at below 10° C. until all the chloride was precipi 
tated as ammonium chloride. The precipitate was then 
litered out, washed with dry benzene, and the washings 
added to the original filtrate. The n-butyl titanate was 
then separated from the benzene by vacuum distillation. 
The product had a boiling point of 189° C. at 13 mm. Hg. 

Example II 
A typical copolymerization reaction was carried out 

according to the following procedure. Two liters of dry 
cyclohexane, 10 millimoles of TiCl3, 12.5 millimoles of 
tetrabutyl titanate, and 50 millimoles of triisobutyl alu 
ininum were charged to a 3 liter reactor vessel equipped 
with a stirrer, reflux condenser, and an ethylene inlet. 
Ethylene was then passed into the solution in the reactor 
at atmospheric pressure at a rate slightly in excess of 
uptake for a period of 3 hours. The reactor temperature 
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What is claimed is: 
1. A process for the production of ethylene-butene-1 

copolymers which comprises contacting ethylene in an 
inert hydrocarbon solvent therefor with a catalytic amount 
amount of a catalyst composition consisting essentially of 
an aluminum trialkyl, a titanium ester having the general 
formula Ti(OR) where R is a member selected from 
the group consisting of alkyl groups having from 2 to 8 
carbon atoms and alicyclic groups containing from 4 to 8 
carbon atoms, and a titanium halide selected from the 
group consisting of titanium trichloride, titanium tetra 
chloride, titanium tribromide, and titanium tetrabromide, 
the molar ratio of said aluminum trialkyl to said titanium 
ester being in the range of from about 60:1 to about 1:3, 
and the molar ratio of said titanium ester to said titanium 
halide being in the range of from about 15:1 to about 
1:10. 

2. A process according to claim 1 in which the molar 
ratio of aluminum trialkyl to titanium ester is at least 
4:1 and the molar ratio of titanium ester to titanium 
halide is in the range of from about 2.5:1 to about 1:4. 

3. A process according to claim 2 in which the concen 
tration of aluminum trialkyl in the reaction mixture is 
about 5 to about 60 millimoles per liter of the inert hydro 
carbon solvent reaction medium. 4. A process for producing ethylene-butene-1 copoly 
mers from monomeric ethylene which comprises contact 
ing said monomeric ethylene dissolved in an inert hydro 
carbon solvent therefor with a catalyst composition con 
sisting essentially of triisobutyl aluminum in an amount 
of about 50 millimoles per liter of said inert hydrocarbon 
Solvent, titanium tetrachloride in an amount of about 10 
millimoles per liter of said inert hydrocarbon solvent, and 
tetrabutyl titanate in an amount ranging from 2.5 to 12.5 
millinoles per liter of said inert hydrocarbon solvent, the 
reaction mixture during the polymerization being main 
tained at about 55 C. to about 65 C. 
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5. A process for the production of copolymers of ethyl- ester being in the range of from about 60:1 to about 1:3, 
ene and butene-i which comprises contacting ethylene in and the molar ratio of said titanium ester to said titanium 
an inert solvent therefor with a catalytic amount of a halide being in the range of from about 15:1 to about 
catalyst composition consisting essentially of an alumi- 1:10, 
num trialkyl, a titanium ester having the general formula 5 
Ti(OR), wherein R is a monovalent saturated hydro- References Cited in the file of this patent 
carbon group, and a titanium halide selected from the 
group consisting of titanium trichloride, titanium tetra- UNITED STATES PATENTS 
chloride, titanium tribromide, and titanium tetrabromide, 2,833,755 Coover ---------------- May 6, 1958 
the molar ratio of said aluminum trialkyl to said titanium 10 2846,427 Findlay ---------------- Aug. 5, 1958 


